


























R−L R = 238,4 Ω L = 2,3 R−L R = 12,4
Ω L = 2,3
R − L R Ω L
R− L R Ω L
R − L R Ω L
is = 0,45A
vc1 , is vc2 , is
is = 0,45A




































































































α (α−1) α−1 α−1 α−2
αC1 C2 C3 C4
Tax T ′ax
















































































vao Ta1 Ta2 Ta3 Ta4 T ′a1 T ′a2 T ′a3 T ′a4
α4 = vc1 + vc2 + vc3 + vc4 =
α3 = vc2 + vc3 + vc4 =
α2 = vc3 + vc4 =
α1 = vc4 =
α0 = 0



























Ta4 Ta3 Ta2 Ta1











Tb4 Tb3 Tb2 Tb1









vao Ta1 Ta2 Ta3 Ta4 T ′a1 T ′a2 T ′a3 T ′a4
α4 =
α3 = vc3−
α3 = vc1 =
α3 = vc3 + vc2 =
α3 = vc2 + vc1 =
α2 =
α2 = vc2 =
α2 = vc3 − vc2 + vc1 =
α2 = vc3 + vc1 =
α2 = vc3 + vc2 − vc1 =
α2 = vc3 − vc1 =
α1 = vc1 =
α1 = vc3 =
α1 = vc2 − vc1 =















































X ⊆ Rn Q = {q1, ....qN}
q q ∈ Q
·
x(t) = fq(x(t)) = Aqx(t) + bq
x ∈ X Aq ∈ Rnxn bq ∈ Rnx1 I(q) ⊆ X
fq
Mq q ∈ Q
x˙(t) = fq(x(t)) = Aqx(t) + bq x ∈ I(q) I(q) ⊆ X
E ⊆ Q×Q
e = (q, q′) ∈ E
G : E → 2X
H = (Q,X, f, I, E,G) Q = {q1, ..., qN}
X ⊆ Rn f : Q→ (X →
Rn) X I : f : Q→ 2X
q ∈ Q E ⊆ Q × Q
G : E → 2X e = (q, q′) ∈ E
x
Mq q ∈ Q E ⊆ Q×Q
∆F G e ∈ E x(t) ∈ F
t ≤ 0 x(t) ∈ F t ≥ 0
H
W ⊆ F
∆W x(t) ∈ W ⊆ F t ≥ 0 W
W
Mq q ∈ Q ∆F
xd ∈ F δ > 0 Bxd(δ) ⊆ F
∀x ∈ ∂Bxd(δ)∃q ∈ Q, tal que, 〈x− xd , fq〉 ≤ 0





T1 T2 T1 T2 q1 q2
Q = {q1, q2} E = {(q1, q2), (q2, q1)}


















fi fq1 Ai Aqi bi bqi













































σ = σ 1
q2






σ = σ 1










A ⊆ (P × T ) ∪ (T × P )
w : A→ {1, 2, 3, ...}
P = {p1, p2, ..., pn}
T = {t1, t2, ..., tm} |P | = n |T | = m







I(tj) = {pi ∈ P : (pi, tj) ∈ A} , O(tj) = {pi ∈ P : (pi, tj) ∈ A}
A pi tj pi ∈ I(tj)
w(tj, pi) = k k pi tj
k k tj
pi pi ∈ O(tj) w(tj, pi) = k
w
w(pi, tj) = 0 pi /∈ I(tj) w(pi, tj) = 0 pi /∈ O(tj)
P = {p1, p2} T = {t1} A = {(p1, t1), (t1, p2)}
w(p1, t1) = 2 w(t1, p2) = 1
I(t1) = {p1} O(t1) = {p2}









P = {p1, p2, p3, p4} T = {t1, t2, t3, t4, t5}
A = {(p1, t1), (p1, t2), (p2, t2), (p2, t3), (p2, t5), (p4, t5), (t1, p1), (t1, p2), (t2, p3), (t3, p3),
(t3, p4), (t4, p3), (t5, p1)}
w(p1, t1) = 1 w(p1, t2) = 1 w(p2, t2) = 1 w(p2, t3) = 2
w(p2, t5) = 1 w(p4, t5) = 1 w(t1, p1) = 1 w(t1, p2) = 1
w(t2, p3) = 1 w(t3, p3) = 1 w(t3, p4) = 1 w(t4, p3) = 1






(P, T,A,w) z : P → N = {0, 1, 2, ...} z
z = [(z(p1), z(p2), ..., z(pn))] n ′
pi z(pi) ∈ N
5 (P, T,A,w, z)
z
P z = [z(p1), z(p2), ..., z(pn)] ∈ Nn z
p1 p2t1 p1 p2t1
x1 =[1,0] x2 =[2,1]
z1 z2
z1 = [1, 0] z2 = [2, 1]




tj ∈ T z(pi) ≥
w(pi, tj) pi ∈ I(tj)
pi pi tj
pi tj z1 z(p1) =
1 < w(p1, t1) = 2 t1 z2
Z(p1) = 2 = w(p1, t1) t1
f : Nn × T → Nn (P, T,A, w, z)
tj ∈ T
z(pi) ≥ w(pi, tj) para todo pi ∈ I(tj)
f( tj) = f( tj)
z′(pi) = z(pi)− w(pi, tj) + w(tj, pi), i = 1, ..., n
pi tj
pi tj tj
tj pi pi tj














= [0, ..., 0]
0 = [2, 0, 0, 1]
t1 p1
z0(p1) = 2 z0(p1) ≥ w(p1, t1)
t1 t1 p1
p2 p3
1 = [1, 1, 1, 1]
t1, t2 t3 t2
p2 p3 p2 p4
p2 p2 ∈ I(t2)∩O(t2)





2 = [0, 1, 0, 0]
















































T0 TD T = T0∪TD T0 TD
TD ⊆ T (P, T,A,w, z)
= {vj : tj ∈ TD}
j = {vj,1, vj,2, ...}, tj ∈ TD, vj,k ∈ R+, k = 1, 2, ...
(P, T,A,w, z, )

























x(t) = f(t, x(t)) x(0) ∈ Rn ∀t ≥ 0




x(t) = f(t, xe) = 0 ∀t ≥ 0
x(0) ∈ Rn x(0) = xe ∈ Rn
x(t) = xe∀t ≥ 0
·
x(t) = 0 ∀t ≥ 0
x = 0 ∈ Rn
ε > 0
δ > 0
‖x (0)‖ < δ → ‖x (t)‖ < ε ∀t ≥ 0
δ(≥ ε) δ > 0
αδ α ≤ 1
x = 0 ∈ Rn
•
• δ′ > 0
‖x (0)‖ < δ′ → ‖x (t)‖ → 0 cuando t→∞
x = 0 ∈ Rn
•
•
‖x (0)‖ → 0 t→∞, ∀x = 0 ∈ Rn
W : Rn → R+
W (0) = 0
W (x) > 0∀x 0= 0 ‖x ‖ reducida
W : Rn → R
W (0) = 0
W (x) > 0∀x 0= 0
V : R+ × Rn → R
W : Rn → R+
V (t, x) ≤ W (x), ∀t ≥ 0, ∀x ∈ Rn
V (t, x) t
V (t, x) = V (x) V (x)
V : R+ × Rn → R+
x = 0 ∈ Rn x˙ = f(t, x)
V (t, x)
• V (t, x)
• ∂V (t,x)∂t t x
x = 0 ∈ Rn x˙ = f(t, x)
V (t, x) V (t, x)
V˙ (t, x)










V˙ (t, x) ≤ 0, ∀t ≥ 0
‖x ‖
x = 0 ∈ Rn
V (t, x)
V˙ (t, x) ≤ 0, ∀t ≥ 0
‖x ‖
x˙(t) = fq(x(t)) = Aqx(t) + bq
x(t) ∈ X Aq ∈ Rnxn bq ∈ Rnx1 I(q) ⊆ X
fq
V (x) = xTPx
P = P T > 0 ATq P + PAq < 0, q ∈ I
bq = 0 q ∈ I
PP
Rq, q ∈ I
∑
q∈I
ATq Rq +RqAq > 0
P =























x˙ = fq(x(t)) = Aqx(t) con Q = {1, 2}




i = 1, 2 V1 V2





x˙(t) = fq(x) p ∈ P
Vp, p ∈ P
p K
(ti, tj), i < j σ(ti) = σ(tj) = q ∈ Q σ(tk) 0= q ti < tk < tj
Vq(x(tj))− Vq(x(ti)) ≤ −q(|x(ti)|)
Vi fi
K α : [0, a)→ [0, 1) K
α(0) = 0 K∞ α =∞ α(r)→∞ r →∞.
τd

x˙ = f(x), x ∈ Rn




Σ+ Σ− x(k) φl
Σ+ Σ− Σ






xf(t, x) S f(t, x)
S = Rn


















T4 T3 T2 T1























′ = (vck − vc(k−1)) · Sk
p v0 vck ick






1 si Tk encendido para k = 1, ...., p













−RL (S1 − S2) 1L (S2 − S3) 1L · · · (Sp−1 − Sp) 1L
(S2 − S1) 1C1 0 · · · · · · 0
(S3 − S2) 1C2




















Aqi ∈ Rnxn bqi ∈ Rnx1 Sk
·
x(t) = f(x, qi, t) = Aqix+ bqiu
y = h(x, qi, t) = C(qi)x
x x =
[
is, vc1 , vc2 , ..., vcp−1
]T
qi
qi : {S1, S2, ..., Sp} p u
vo is
S4 S3 S2 S1 vo ic3 ic2 ic1 α
q0
q1 E/4 −is
q2 E/4 −is is
q3 E/2 −is
q4 E/4 −is is
q5 E/2 −is is −is
q6 E/2 −is is
q7 3E/4 −is
q8 E/4 is
q9 E/2 is −is
q10 E/2 is −is is
q11 3E/4 is −is
q12 E/2 is








Q = {q0, ..., q15}
Q0 = {q0}
Q1 = {q1, q2, q4, q8}
Q2 = {q3, q5, q6, q9, q10, q12}
Q3 = {q7, q11, q13, q14}
Q4 = {q15}





























qi ∈ Q V˙qi
V˙qi
V˙qi < 0 is > 0 α
qi
qi ∈ Q S4 S3 S2 S1 V˙i V˙ < 0
q0 V˙0 = 0
q1 V˙1 = −e1 e1 > 0
q2 V˙2 = e1 − e2 (e1 < 0) ∧ (e2 > 0)
q3 V˙3 = −e2 e2 > 0
q4 V˙4 = e2 − e3 (e2 < 0) ∧ (e3 > 0)
q5 V˙5 = −e1 + e2 − e3 (e1 > 0) ∧ (e2 < 0) ∧ (e3 > 0)
q6 V˙6 = e1 − e3 (e1 < 0) ∧ (e3 > 0)
q7 V˙7 = −e3 e3 > 0
q8 V˙8 = e3 e3 < 0
q9 V˙9 = −e1 + e3 (e1 > 0) ∧ (e3 < 0)
q10 V˙10 = e1 − e2 + e3 (e1 < 0) ∧ (e2 > 0) ∧ (e3 < 0)
q11 V˙11 = −e2 + e3 (e2 > 0) ∧ (e3 < 0)
q12 V˙12 = e2 e2 < 0
q13 V˙13 = −e1 + e2 (e1 > 0) ∧ (e2 < 0)
q14 V˙14 = e1 e1 < 0
q15 V˙15 = 0
Qi ⊆ Q




k = 4 Q E Q = {q0, q1......, q15} E = {E1, E2, E3, E4}
E1 = {(q0, q8), (q8, q0), (q0, q4), (q4, q0), (q0, q2), (q2, q0),
(q0, q1), (q1, q0)}
E2 = {(q8, q6), (q6, q1), (q1, q12), (q12, q2), (q2, q9), (q9, q4),
(q4, q3), (q3, q8)}, {(q1, q6), (q6, q8), (q8, q3)},
{(q3, q4), (q4, q9), (q9, q2), (q2, q5), (q5, q2), (q1, q3)}
E3 = {(q12, q11), (q11, q6), (q6, q13), (q13, q3), (q3, q14),
(q14, q9), (q9, q7), (q7, q12)}, {(q3, q13), (q13, q6),
(q6, q11), (q11, q5), (q5, q11)}, {(q7, q9), (q7, q3)}
E4 = {(q14, q15), (q15, q13), (q13, q15), (q15, q11), (q11, q15),
(q15, q7), (q7, q15), (q15, q14)}
e = (q, q′) ∈ Ek
x = [iL vc1 vc2 vc3 ]
T
qi
I(q) = {I1, I2, ..., I15} ⊆ X
H
H1 H2 H1
x H2 H2 σ ∈ Σ H1
x
H1 H2 i0 ∈ Φ Φ = {0, 1}
0 1
Γ = {1, 0}











1q 2q 4q 8q





















































1q 2q 4q 8q
























































q0 → q8 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 1 ∧ Cvc3 = 1 ∧ σ = σ1 x ∈ G08
q8 → q0 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 1 ∧ Cvc3 = 0 ∧ σ = σ2 x ∈ G80
q0 → q4 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 1 ∧ Cvc3 = 0 σ = σ3 x ∈ G04
q4 → q0 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 0 ∧ Cvc3 = 1 ∧ σ = σ4 x ∈ G40
q2 → q0 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 0 ∧ Cvc2 = 1 ∧ Cvc3 = 1 ∧ σ = σ5 x ∈ G20
q0 → q2 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 0 ∧ Cvc3 = 1 ∧ σ = σ6 x ∈ G02
q0 → q1 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 0 ∧ Cvc2 = 1 ∧ Cvc3 = 1 ∧ σ = σ7 x ∈ G01
q1 → q0 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 1 ∧ Cvc3 = 1 ∧ σ = σ8 x ∈ G10
q8 → q6 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 1 ∧ Cvc3 = 0 ∧ σ = σ7 x ∈ G86
q6 → q1 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 0 ∧ Cvc2 = 1 ∧ Cvc3 = 1 ∧ σ = σ10 x ∈ G61
q1 → q12 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 1 ∧ Cvc3 = 1 ∧ σ = σ11 x ∈ G11
q12 → q2 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 0 ∧ Cvc3 = 1 ∧ σ = σ12 x ∈ G122
q2 → q9 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 0 ∧ Cvc2 = 1 ∧ Cvc3 = 1 ∧ σ = σ13 x ∈ G29
q9 → q4 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 1 ∧ Cvc3 = 0 ∧ σ = σ14 x ∈ G94
q4 → q3 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 0 ∧ Cvc3 = 1 ∧ σ = σ15 x ∈ G43
q12 → q2 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 1 ∧ Cvc3 = 1 ∧ σ = σ16 x ∈ G122
q1 → q6 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 0 ∧ Cvc3 = 0 ∧ σ = σ17 x ∈ G16
q6 → q8 i0 = 0 ∧ Cvc1 = 0 ∧ Cvc2 = 0 ∧ Cvc3 = 1 ∧ σ = σ18 x ∈ G68
q8 → q3 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 0 ∧ Cvc2 = 0 ∧ Cvc3 = 0 ∧ σ = σ19 x ∈ G83
q3 → q4 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 0 ∧ Cvc2 = 1 ∧ Cvc3 = 0 ∧ σ = σ20 x ∈ G34
q3 → q4 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 0 ∧ Cvc2 = 0 ∧ Cvc3 = 1 ∧ σ = σ21 x ∈ G49
q9 → q2 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 0 ∧ Cvc3 = 0 ∧ σ = σ22 x ∈ G92
q2 → q5 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 0 ∧ Cvc2 = 1 ∧ Cvc3 = 0 ∧ σ = σ23 x ∈ G25
q5 → q2 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 0 ∧ Cvc3 = 1 ∧ σ = σ24 x ∈ G52
q12 → q11 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 0 ∧ Cvc3 = 1 ∧ σ = σ25 x ∈ G1211
q11 → q6 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 1 ∧ Cvc3 = 0 ∧ σ = σ26 x ∈ G34
q6 → q13 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 0 ∧ Cvc2 = 1 ∧ Cvc3 = 1 ∧ σ = σ27 x ∈ G34
q13 → q3 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 0 ∧ Cvc3 = 1 ∧ σ = σ28 x ∈ G133
q3 → q14 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 1 ∧ Cvc3 = 1 ∧ σ = σ29 x ∈ G314
q14 → q9 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 0 ∧ Cvc2 = 1 ∧ Cvc3 = 1 ∧ σ = σ30 x ∈ G149
q9 → q7 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 1 ∧ Cvc3 = 0 ∧ σ = σ31 x ∈ G97
q7 → q12 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 1 ∧ Cvc3 = 1 ∧ σ = σ32 x ∈ G712
q3 → q13 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 0 ∧ Cvc2 = 1 ∧ Cvc3 = 0 ∧ σ = σ33 x ∈ G313
q13 → q6 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 0 ∧ Cvc3 = 0 ∧ σ = σ34 x ∈ G136
q6 → q11 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 0 ∧ Cvc2 = 0 ∧ Cvc3 = 1 ∧ σ = σ35 x ∈ G611
q11 → q15 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 0 ∧ Cvc2 = 1 ∧ Cvc3 = 0 ∧ σ = σ36 x ∈ G1115
q5 → q11 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 0 ∧ Cvc3 = 1 ∧ σ = σ37 x ∈ G511
q7 → q9 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 0 ∧ Cvc2 = 0 ∧ Cvc3 = 0 ∧ σ = σ38 x ∈ G679
q7 → q3 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 0 ∧ Cvc3 = 1 ∧ σ = σ39 x ∈ G73
q14 → q15 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 0 ∧ Cvc2 = 1 ∧ Cvc3 = 1 ∧ σ = σ40 x ∈ G1415
q15 → q13 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 0 ∧ Cvc2 = 1 ∧ Cvc3 = 1 ∧ σ = σ41 x ∈ G1513
q13 → q15 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 0 ∧ Cvc3 = 1 ∧ σ = σ42 x ∈ G1315
q15 → q11 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 0 ∧ Cvc3 = 1 ∧ σ = σ43 x ∈ G1511
q11 → q15 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 1 ∧ Cvc3 = 0 ∧ σ = σ44 x ∈ G1115
q15 → q7 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 1 ∧ Cvc3 = 0 ∧ σ = σ45 x ∈ G157
q7 → q15 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 1 ∧ Cvc3 = 1 ∧ σ = σ46 x ∈ G715
q15 → q14 i0 = 0 ∨ i0 = 1 ∧ Cvc1 = 1 ∧ Cvc2 = 1 ∧ Cvc3 = 1 ∧ σ = σ47 x ∈ G1514























































































































































· Sk; k : 1, 2, 3






















· S¯k; k : 1, 2, 3
vTk
′ = (vck − vc(k−1)) · Sk; k : 1, 2, 3
vo vck ick k
vc3 = E vc0 = 0 vTk vTk
′ Tk Tk ′
Sk =
{
1 si Tk encendido para k = 1, 2, 3












−RL (S1 − S2) 1L (S2 − S3) 1L
(S2 − S1) 1C1 0 0



















Aqi ∈ R3×3 bqi ∈ R3×1
·
x(t) = f(x, qi, t) = Aqix+ bqiu
y = h(x, qi, t) = C(qi)x
x = [is, vc1 , vc2 ]
T qi
qi : {S1, S2, S3} p
p = 3 u E
±δ io
iref − δ ≤ io ≤ iref + δ α
imax = E/R R










Medición de la 




Modelo de la red de Petri para
el seguimiento de corriente
Modelo de la red de Petri para
la regulación de tensión de los 
condensadores
P
A (pi, tj) pi tj (tj, pj)
pi tj w w(pi, tj)
w(tj, pi) z
z(pi) pi
P1 P2 P3 P4
iref ± δ
P5 P6 P7 P8
S1 S2 S3
S3 S2 S1 vo ic2 ic1 α
q0
q1 E/3 −is
q2 E/3 −is is
q3 2E/3 −is
q4 E/3 is








P1 α = 1
0[V ]
P2
α = 2 13E[V ]
P3
α = 3 23E[V ]
















































































































c1 ) ∧ (vc2 < v∗c2 ) ∧ (e1 > e2)∨
(vc1 > v
∗
c1 ) ∧ (vc2 > v∗c2 )
]
∧ [(e1 ≥ ε1) ∨ (e2 ≥ ε2)] ∨









∧ [(e1 ≥ ε1) ∨ (e2 ≥ ε2)] ∨
α = 4
T57, T1613, t1314
α = 2 ∧ [(vc1 < v∗c1 ) ∧ (vc2 > v∗c2 )] ∧ [(e1 ≥ ε1) ∨ (e2 ≥ ε2)] ∨







c1 ) ∧ (vc2 > v∗c2 )
]
∧ [(e1 ≥ ε1) ∨ (e2 ≥ ε2)] ∨
α = 4
T58, T2017, t1718




c1 ) ∧ (vc2 < v∗c2 )∨
(vc1 > v
∗
c1 ) ∧ (vc2 < v∗c2 ) ∧ (e1 < e2)
]
∧ [(e1 ≥ ε1) ∨ (e2 ≥ ε2)] ∨
α = 3 ∧
 (vc1 < v∗c1 ) ∧ (vc2 < v∗c2 )∨(vc1 < v∗c1 ) ∧ (vc2 > v∗c2 ) ∧ (e1 > e2)∨
(vc1 > v
∗
c1 ) ∧ (vc2 < v∗c2 )
 ∧ [(e1 ≥ ε1) ∨ (e2 ≥ ε2)] ∨
α = 4
T65, T1011, t1112
α = 1 ∨







c1 ) ∧ (vc2 < v∗c2 ) ∧ (e1 < e2)
]
∧ [(e1 ≥ ε1) ∨ (e2 ≥ ε2)] ∨




c1 ) ∧ (vc2 < v∗c2 )∨
(vc1 < v
∗
c1 ∧ (vc2 > v∗c2 ) ∧ (e1 > e2)
]
∧ [(e1 ≥ ε1) ∨ (e2 ≥ ε2)]
T75, T1415, t1516
α = 1 ∨









∧ [(e1 ≥ ε1) ∨ (e2 ≥ ε2)] ∨
α = 3 ∧ [(vc1 > v∗c1 ) ∧ (vc2 < v∗c2 )]
T85, T1819, t1920
α = 1 ∨







c1 ) ∧ (vc2 < v∗c2 ) ∧ (e1 > e2)
]
∧ [(e1 ≥ ε1) ∨ (e2 ≥ ε2)] ∨




c1 ) ∧ (vc2 < v∗c2 ) ∧ (e1 < e2)∨
(vc1 > v
∗
c1 ) ∧ (vc2 > v∗c2 )
]












α =1 α =2 α =3 α =4
Q = {q0, ..., q7}
Q0 = {q0}
Q1 = {q1, q2, q4}
Q2 = {q3, q5, q6}
Q3 = {q7}





















































V˙ = e1(s2 − s1)is + e2(s3 − s2)is+
ei [−RI + (s1 − s2)vc1 + (s2 − s3)vc2 + s3E]
qi ∈ Q V˙i
V˙i V˙i < 0
is > 0 α
qi V˙i < 0
qi ∈ Q S3 S2 S1 V˙i V˙ < 0
q0 V0 = −eiRis (is > iref ) ∧
[




q1 V˙1 = −e1is + ei (−Ris + vc1 ) (e1 > 0) ∧ ∀is ∧
[




q2 V˙2 = (e1 − e2)is + ei(−Ris − vc1 + vc2 ) (e1 < 0) ∧ (e2 > 0) ∧ ∀is ∧
[




q3 V˙3 = −e2is + ei(−Ris + vc2 ) (e2 > 0) ∧ ∀is ∧
[ 1




q4 V˙4 = e2is + ei(−Ris − vc2 + E) (e2 < 0) ∧ ∀is ∧
[




q5 V˙5 = (−e1 + e2)is + ei(−Ris + vc1 − vc2 + E) (e1 > 0) ∧ (e2 < 0) ∧ ∀is ∧
[ 1




q6 V˙6 = e1is + ei(−Ris − vc1 + E) (e1 < 0) ∧ ∀is ∧
[ 1








3 ima´x < iref < ima´x
)]
33µF E = 30V R − L R = 33Ω
L = 32mH
tv ≈ 1,42 × 10−5s
ε1 = ±1,5V ε2 = ±2V vc1 vc2





























vc1 , is vc2 , is










d) Plano de fase vc1 vc2
c) Tensión de salida vo
b) Balance de tensión
vc1
is = 0,45A
a) Plano de fase vc1 is





vc1 , is vc2 , is
is = 0,45A
isma´x =
0,4A freq = 1,5Hz = 0,45A
vc1 vc2
vc1 , is vc2 , is











d) Plano de fase vc1 vc2
c) Tensión de salida vo
b) Balance de tensión
vc1
a) Plano de fase vc1 is





vc1 , is vc2 , is

















